Using household survey data from Ethiopia, this paper evaluates the impact of agricultural cooperatives on smallholders' technical efficiency. We utilize propensity score matching to compare the average difference in technical efficiency between cooperative farmers and similar independent farmers. The approach assumes exogenous cooperative formation and similar farm technology across households. The results show that agricultural cooperatives are effective in providing support services that significantly contribute to members' technical efficiency. These results are found to be insensitive to hidden bias and consistent with the idea that agricultural cooperatives enhance members' efficiency by easing access to productive inputs and facilitating extension linkages. Based on the findings, increased participation in agricultural cooperatives should further enhance efficiency gains among smallholder farmers.
Introduction
Enhancing productivity and commercialization among smallholder farmers is widely perceived as a key strategy for rural development, poverty reduction, and food security in Sub-Saharan Africa (World Bank, 2008) . For productivity gains to be achieved, smallholder farmers need to have better access to technology and improve their technical efficiency. It is important for smallholders to have easy access to extension services in order to optimize on-farm technical efficiency and productivity, given the limited resources available. While the private sector is gradually emerging as a contender, the public sector remains the major provider of extension services in most of these countries (Venkatesan and Kampen, 1998) . A third option for providing services to smallholder farmers is agricultural cooperatives, which serve the dual purpose of aggregating smallholder farmers and linking them to input and output markets (Coulter et al., 1999; Davis, 2008) .
Given that agricultural systems in Sub-Saharan Africa are typically fragmented into a myriad of small or micro farms over vast and remote rural areas, the role of agricultural cooperatives has become increasingly important (Wanyama et al., 2009) . Despite the turbulent history sometimes associated with post independence and highly centralized governance regimes, agricultural cooperatives are nowadays omnipresent throughout the sub-continent. In recent days considerable public development programs or private initiatives are channeled through cooperatives in order to overcome prohibitive transaction and coordination costs (Pingali et al., 2005) . However, it is still empirically unclear and highly contested whether these collective organizations can deliver and live up to their promises. Given the prominence of agricultural cooperatives, this is an important policy question for many African countries.
Since the downfall of the Derg regime in 1991, agricultural cooperatives in Ethiopia have become an integral part of the national strategy for agricultural transformation (Ministry of Finance and Economic Development, 2006) . With varying degrees of success, agricultural cooperatives are longstanding and widespread throughout the country (Bernard et al., 2008; Bernard and Spielman, 2009; Francesconi and Heerink, 2010; Francesconi and Ruben, 2007; Getnet and Tsegaye, 2012; Tigist, 2008) . The recently established Agricultural Transformation Agency (ATA) has also strongly asserted agricultural cooperatives as preferential institutions for moving smallholders out of subsistence agriculture and linking them to emerging input and output markets. In conjunction with promotional activities by the National Cooperative Agency, this effort has resulted in considerable growth both in number of agricultural cooperatives and the services they provide to their members. In June 2012, the majority of both the 400,000 primary cooperatives and the 200 cooperative unions in the country were agricultural cooperatives engaged in input and output marketing.
By 2005, agricultural cooperatives had commercialized more than 10 percent of the marketable surplus in Ethiopia (Bernard et al., 2008) . In recent years they are the major suppliers of improved seeds and chemical fertilizer for all farm households (Ministry of Agriculture and Rural Development, 2010: unpublished) . While their role in agricultural inputs adoption for productivity growth is widely recognized (Abebaw and Haile, 2013; Spielman et al., 2011) , the impact of technical efficiency gains among their members remain unproven. Whether cooperative members are technically more efficient than non-members is an open question. Agricultural cooperatives, as producer organizations, are mandated to supply inputs together with providing embedded support services and for facilitating farmer linkage with extension service providers; hence, members are expected to be technically more efficient. This paper aims to answer this question by comparing cooperative members and similar independent farmers within the same kebeles 1 (in order to reduce potential differences in technology and agro-ecology in which this procedure tempers possible diffusion effects). This approach, which compares members and non-members within the same kebeles in which the agricultural cooperatives operate, enables us to precisely capture the efficiency gains from membership, since members receive benefits from dividends, information, and extension services that are embedded in new technologies and have prior access to inputs, which are directly linked with technical efficiency gains.
We used the Stochastic Production Frontier (SPF) function model to measure the technical efficiency of sampled farm households, as it is effective in estimating the efficiency score of households that account for factors beyond the control of each individual producer (Coelli et al., 2005; Kumbhakar and Lovell, 2000) . After estimating the technical efficiency score, we applied Propensity Score Matching (PSM) techniques to estimate the impact of membership in agricultural cooperatives on technical efficiency, drawing on the approaches of Bernard et al. (2008) , Francesconi and Heerink (2010) and Godtland et al. (2004) . Comparing them with the results obtained from parametric estimation using Ordinary Least Squares (OLS) further checked the robustness of the PSM estimations obtained from alternative matching algorithms. Moreover, in order to understand the sensitivity of our results to possible bias on unobservable covariates, we conducted Rosenbaum Bounds Sensitivity Analysis to detect the likelihood of hidden bias.
Our results consistently show a positive and statistically significant impact of membership in agricultural cooperatives on technical efficiency at the farm level. On average, we found about a five percent difference in technical efficiency between cooperative members and non-members. The results suggest that member households are in a better position to obtain maximum possible outputs from a given set of inputs. The results are insensitive for a hidden bias that would double the odds of participation in cooperatives and they are consistent with the idea that agricultural cooperatives enhance members' efficiency by providing easy access to inputs, information, and embedded support services.
The rest of paper is organized as follows: section 2 highlights the history and recent development of agricultural cooperatives in Ethiopia. Section 3 presents the data source and descriptive statistics of the variables used in the analysis. Section 4 presents the research methodology, including discussion of the empirical strategy, estimation procedure of the propensity scores and estimation of household technical efficiency scores. Section 5 reports the results and section 6 concludes by discussing the main findings.
Agricultural cooperatives in Ethiopia
Historically, agricultural cooperatives have played an important role all over the world in providing market access, credit and information to producers. In particular, agricultural cooperatives in the United States and Western Europe have played an important economic role in providing competitive returns for independent farmers (Chaddad et al., 2005) . Agricultural cooperatives in those countries were established as service providers and were primarily aimed at countervailing the market power of producers' trading partners, preservation of market options and reduction of risk through pooling. They have also been accorded with a range of public policy supports that has encouraged their market coordination role in agri-business (Staatz, 1987 and 1989) .
In Ethiopia, however, the tradition of agricultural cooperatives was completely different from the western type of agricultural cooperatives from the initial days of establishment to the socialist regime. During the imperial regime (1960s-1974) , a period during which cooperatives were started, agricultural cooperatives were setup in the form of cooperative production or agricultural collectives to jointly produce commercial and industrial crops (i.e., coffee, tea and spices). They were not in a position to operate efficiently due to unenforceability of efforts, inequitable incentives, higher agency costs, and slow and centralized decision-making, which are inherent problems of collective production 2 (Deininger, 1995) .
During the socialist regime (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) as well agricultural cooperatives continued to be extended arms of the state and were used primarily as instruments of the government in order to control the agricultural sector and prevent the rise of capitalistic forms of organization (Rahmato, 1990) . There were two types of agricultural cooperatives during this period: production cooperatives engaged in collective production and service cooperatives handling modern inputs, credit, milling services, selling of consumer goods, and purchasing of farmers produce. Production cooperatives were expected to operate over 50 per cent of the nation's cultivable land in the same fashion of joint production and were believed to be more cost-effective (Rahmato, 1994) . However, ill-conceived policies coupled with shirking by coerced farmers resulted in lower output and underutilization of scale and deployed labors by cooperatives as compared to individual farmers. Besides, forced formation and routine intervention from the state agents are critical factors, which contributed to the poor record of agricultural cooperatives during this regime (Rahmato, 1993) .
Subsequently, when the new mixed economic system was introduced in 1991 farmers were given the choice to work on commonly or individually owned land; the past negative experience led most of the farmers to reallocate common lands to individual holdings, which eventually led to the collapse of most production cooperatives (Abegaz, 1994) . During the transition period, despite the efforts made to create an enabling environment for agricultural cooperatives through the issuing of new regulations 3 , most of them continued to be burgled by individuals and others downsized due to competition from the private traders following trade liberalization (Kodama, 2007; Rahmato, 1994) . In general, prior to 1990 agricultural cooperatives in Ethiopia were 'pseudo' cooperatives both in their undertakings and membership.
During the late 1990s, the government of Ethiopia revived its interest in cooperatives and they become part and parcel of the country's agriculture and rural development strategy (Getnet and Tsegaye, 2012; Ministry of Finance and Economic Development, 2006) . In particular, the government strongly promoted agricultural cooperatives to encourage smallholders' participation in the market (Bernard et al., 2008) . As proclaimed in the new legal framework, this new wave of cooperative organizations was thought to be different from previous cooperative movements. Although externally induced formation is still prevalent 4 , in relative terms the new policy allows cooperatives to be diverse and independent participants in the free market economy.
As part of the government support for cooperative promotion, cooperative governance was also reinforced through the establishment of the Federal Cooperative Commission in 2002, a public body to promote cooperatives at the national level (Bernard et al., 2010; Francesconi and Heerink, 2010; Kodama, 2007) . The commission was established with a plan of providing cooperative services to two-thirds of the rural populations and to increase the share of agricultural cooperatives in input and output marketing through the establishment of at least one primary cooperative in each kebele. While there is evidence that suggests a consequent growth in the cooperative movement in Ethiopia, its coverage remains 35 per cent of kebeles, and only 17 per cent of the households living in those kebeles are members (Bernard et al., 2008) .
With regards to performance, the impacts of agricultural cooperatives are less studied.
There have been only a few attempts made to understand their commercialization role in collecting and selling members' produces and the results are mixed. Francesconi and Heerink (2010) found a higher commercialization rate for the farmers that belong to agricultural marketing cooperatives, which suggest the importance of organizational form in cooperative inquiries. Bernard et al. (2008) conversely found a similar commercialization rate for the farmers that belong to cooperatives (i.e., cooperative members tend to sell an equivalent proportion of their output to market as compared to non-members), notwithstanding the higher price obtained by the cooperatives for members per unit of output. Their role in providing a better price through stabilizing and correcting local market in favor of the producer is also corroborated by Tigist (2008) .
Other recent studies on impact of agricultural cooperatives by Abebaw and Haile (2013) and Getnet and Tsegaye (2012) respectively indicated better adoption of agricultural inputs and livelihood improvement among users of cooperatives as compared to non-users. What is scarce in the literature is the impact of agricultural cooperatives on productivity and technical efficiency of members, despite the fact that they are mainly used as a preferential channel to access agricultural inputs (i.e., fertilizer and improved seeds) and services (i.e., financial, training and extension). In the technical efficiency literature there are empirical works that suggest the positive role of membership in producer organizations or cooperatives in reducing inefficiency (Binam et al., 2005; Chirwa, 2003; Idiong, 2007; Jaime and Salazar, 2011) . However, those results are merely based on the analysis of inefficiency models without accounting for original differences among farm households and in countries other than Ethiopia. In an effort to address this gap, we made an attempt to go one step further and compare the difference in technical efficiency between members and nonmembers that are similar in their observable covariates or pre-membership characteristics in the specific context of rural Ethiopia.
Data and descriptive analysis
The key variables used in this study include household characteristics; inputs used for production; production value and village level characteristics (such as population density and availability of farmer training centers). resulting sample used in this study includes 1,638 farm households, from which we drew a sub-sample (i.e., member and non-member farm households within cooperative kebeles) mainly used to address our research question. As expected, members are using more productive inputs (i.e., fertilizer and improved seeds). This can be explained by ease of access, as agricultural cooperatives are the major last-mile distributers of fertilizers and seeds, and also by the fact that members need to compensate for relatively lower fertile land. Although not reported in the table to conserve space, the data indicates a mean difference within non-member farm households in input use by locations. Non-member farm households residing in cooperatives' kebeles use a higher amount of fertilizer and improved seeds as compared to non-members living in a kebele without agricultural cooperatives. This suggests the potential presence of a spillover effect in input use and the presence of similar technology among members and non-members to study efficiency gains in kebeles with agricultural cooperatives.
As shown in Table 2 , farm households that belong to agricultural cooperatives are those located at comparatively accessible locations (closer to the nearest local markets, closer to the nearest whether roads and Woreda amenities). This can also suggest that most of the agricultural cooperatives in Ethiopia are found in locations that are relatively accessible. In terms of other village level characteristics, on average, members and non-members are located in Peasant Associations (PAs) with similar population density and have comparable access to irrigation and Farmer Training Centers (FTC).
Tab. 2 -Geographic characteristics of sample households
Members (n = 564) Non-members (n = 1074) Pooled Sample (N = 1638) Table 3 reports the summary statistics of the impact indicator variable and the predicted probability of participation used for matching. The descriptive statistics show a higher level of technical efficiency among members. The average technical efficiency of members and non-members are 0.73 and 0.64 respectively. Farm households that belong to agricultural cooperatives were found to be more efficient by 8.9 percentage points as compared to non-members and the mean difference is statistically different from zero at P<0.000. However, at this point we cannot determine that membership results in efficiency gains, as this difference can be partially or totally emanated from original difference among households.
Tab. 3 -Technical efficiency score and estimated probability of participation in cooperatives
Members (n = 564) Non-members (n = 1074) Pooled Sample (N = 1638) 
Analytical approach
This paper aims at measuring the average impact of membership in agricultural cooperatives on farm households' technical efficiency. In other words, we estimate the Average Treatment Effect on the Treated (ATT) 8 , where the treatment is membership in agricultural cooperatives and the treated are member farmers. In such types of casual inference, the estimation of treatment effects in the absence of information on the counter-factual poses an important empirical problem. In impact evaluation literature this is known as the problem of filling in missing data on the counter-factual (Becker and Ichino, 2002; Dehejia and Wahba, 2002; Heckman et al., 1997; Rosenbaum and Rubin, 1985) . The challenge is to find a suitable comparison group with similar covariates and whose outcomes provide a comparable estimate of outcomes in the absence of treatment.
The empirical approach in this study is twined to reduce three potential sources of biases in the selection of a comparison group of non-member or non-cooperative farmers. These potential biases are common in evaluations aimed at measuring ex-post impact of projects that involve some degree of self-selection among participants. A point in case is given by this study, which aims to evaluate the impact of membership in agricultural cooperatives, given that participation is voluntary and based on the intrinsic preferences, ability and motivation of the farmers, as well as considering that no baseline (i.e., ex-ante) observations are available to assess the performance of member-farmers before they joined a cooperative.
The first potential source of bias is given by 'selection on observables', which may arise due to sampling bias, meaning that the selection of cooperative location was not-random but determined by spatial fixed effects (i.e., village level characteristics) and farm households characteristics. To control for selection bias associated with the fact that participation in cooperatives was not random, we draw from similar approaches by Bernard et al. (2008) , Francesconi and Heerink (2010) and Godtland et al. (2004) , and apply Propensity Score Matching (PSM) techniques to account for differences in observed covariates between members and non-members. Using PSM has a great importance in providing unbiased estimate through controlling for observable confounding factors and in reducing the dimensionality 9 of the matching problem (Becker and Ichino, 2002; Rosenbaum and Rubin, 1983) .
With regards to placement bias, however, we argue that Ethiopia's past and current governance of cooperative organizations minimizes the importance of farmers' free will and locations resource endowments, since every kebele is expected to have at least one cooperative and participation in cooperatives means access to publicly subsidized inputs. Hence, in most cases the establishment of agricultural cooperatives is driven by neither location nor farm household characteristics residing in that location, but by centrally planned governance strategies. Further supporting our argument, Bernard et al. (2008) assume, as we do, that cooperatives are externally formed in its PSM analysis, and found that government and development agencies initiate 74 per cent of cooperatives in Ethiopia. Thus, in Ethiopia cooperative placement based on kebeles and/or households' characteristics is rather negligible.
The second source of bias in selecting a comparison group is spillover effects. In the presence of externalities, comparing users of cooperatives with non-users in the same kebele can increase the possibility of having spillover effects that underestimate the cooperative impact. On the other hand, considering a comparison group from kebele without cooperatives can increase differences at the kebele level (i.e., difference in agro-ecological conditions, infrastructure and institutions) by increasing the likelihood of selection bias. In our empirical analysis we tried to take care of both concerns. We first consider a sample that includes members and non-members from the "kebeles with cooperatives" and then we use the whole sample to match cooperative members with non-members from "kebeles without cooperatives" as well.
The third source of bias is 'selection on unobservable', which arises due to differences between members and non-members in the distribution of their unobserved characteristics (e.g., in their ability, desire, risk preference, aspiration etc.). Given the data available we cannot control for selection on unobservable referring to farmers' preferences, motivation or ability. Controlling for such biases requires a suitable instrument that explains the probability of participation in agricultural cooperatives but does not explain their outcome. In this case, however, since we employ matching and compared members and non-members whose propensity scores are sufficiently close or have the same distribution, we can assume that the distribution of unobservable characteristics is the same or at least not so different for both groups independent of membership to induce a bias (see Becker and Ichino, 2002 , for a discussion). Further, we use Rosenbaum Bounds Sensitivity Analysis to test the sensitivity of our result to possible hidden biases due to unobservable household characteristics when this assumption is relaxed.
Estimation of the propensity score (P-score) and matching
As indicated in the previous section we deployed propensity scoring to match members of agricultural cooperatives with similar independent farm households. Hence, we first estimated the conditional probability of becoming a member in agricultural cooperatives (i.e., propensity score) given observed household characteristics using a flexible Probit model, where membership status in cooperatives is the dependent variable and covariates and their quadratic terms are introduced as independent variables.
10
Although the probability of participation needs to be estimated only for households living in a kebele with cooperatives for better identification of the variables that determine participation, we also estimated the likelihood of participation for the whole sample to understand the existence of sufficient overlap of the covariates. At large, the coefficients and statistical significance of the covariates are similar, except for livestock ownership, telephone ownership and households that produce barley. We mainly used the propensity scores based on the reduced sample to estimate the average treatment effect on the treated for two reasons. One, the opportunity to participate exists in the restricted sample; and two, the restricted sample is the primary focus of the analysis as it better controls local level differences that can potentially bias the impact, tempering possible spillover effects that are found to be negligible.
The results from the Probit estimation are summarized in Table 4 . From the results we understand that the propensity to become a member of agricultural cooperatives is high for households with large family size, experience in farming, number of farm plots, mobile ownership, wealth (i.e., number of ox and land), and crop types produced by household (i.e., teff, wheat and finger-melt). However, after certain threshold wealth, household size and age adversely affect probability of participation.
On the other hand, farm households that have off-farm incomes, live closer to roads, and grow diverse crops are less likely to participate in cooperatives.
Tab. 4 -Determinates of participation in agricultural cooperatives
Members and nonmembers from cooperatives' kebeles (reduced sample) Note: *** Significant at 1% level, ** significant at 5% level and * significant at 10% level. The results are more or less consistent with what has been found by Bernared et al., (2008) as predictors of participation in cooperatives. They suggest that poorer households without any resources (i.e., land, labor, oxen etc.) and households producing different crops than the common cereals marketed through agricultural cooperatives are less likely to become members. They also show that wealthy households with sufficient experience in farming and excess owned labor will not tend to be involved in collective action, which is consistent with theoretical predications. The density distribution of propensity scores for members and non-members are presented in Figure 1 . In order to improve the robustness of the estimate the matches are restricted to members and non-members who have a common support 11 in the distribution of the propensity score. As it can be seen in the figure, the distributions appear with sufficient common support region that allows for matching. Besides, the difference between members and non-members in their propensity score distribution validates the use of matching techniques to ensure comparability. From several matching techniques applicable in impact evaluation, we use two extensively applied methods (i.e., non-parametric kernel based matching and five nearest neighbors matching). The non-parametric kernel regression method is used to allow matching of members with the whole sample of non-members, since the technique uses the whole sample of the comparison with common support to construct a weighted average match for each treated (Heckman et al., 1997; Heckman et al., 1998) . That is, the entire sample of non-members in the comparison group is used to construct a weighted average match 11 Common support refers to the values of the propensity scores where both treatment (i.e., members) and comparison groups (i.e., non-members) are found. 8 to 13 observations that are off-support are dropped (Table  A3 and A4) . 12 The reported density distribution is for the reduced sample (i.e., sample 1) that includes only members and non-members in a kebele with agricultural cooperatives.
to each member in the treatment group. On the other hand, the five nearest neighbors matching is used to match each member with the mean of the five nonmembers who have the closest propensity score. The imperative of nearest neighbors matching is that it compares non-members with scores that are closer to the scores of the members.
What is more, the validity of the matching procedure relies on the extent to which these techniques sample or construct a comparison group that resembles the treatment group. Besides, the balancing test within blocks that are satisfied in our estimation of the propensity score in case of both samples (see propensity score blocks in Table A3 and Table A4 ), we undertake a 'balancing test' that compares a simple mean (i.e., mean equality test) of household characteristics within the treatment group to the corresponding comparison groups created by the matching techniques before and after matching as a complement. 13 The reported balancing test is for the reduced sample (i.e., sample 1) that includes only members and nonmembers in a kebele with agricultural cooperatives. We did similar tests for the full sample and the balancing properties are satisfied.
As reported in Table 5 , the unmatched sample fails to satisfy the balancing property. Although the groups are found to be comparable in terms of access to irrigation, age of household head and distance to market and district administration, it shows a systematic difference between members and non-members in the majority of their observed characteristics before matching. The balancing test results after matching that compares cooperative members to the sub-set of comparison non-members selected through five nearest neighbors matching and kernel-based matching shows no systematic or statistical difference in observed characteristics between the two groups. Hence, the results suggest that our comparison is valid from statistical point of view.
Measuring technical efficiency
The technical efficiency measure is intended to capture whether agricultural cooperatives enable their members in getting better access to productive inputs and services including training on better farming practices that enhance their productive efficiency. The stochastic frontier production model 14 is used to estimate the technical efficiency of sample households. It measures the ability of households to obtain maximum possible outputs from a given set of inputs (Coelli et al., 2005; Farrell, 1957; Kumbhakar and Lovell, 2000) . Such a measure is of great importance in estimating the household efficiency score by accounting for factors beyond the control of each producer. Besides, it helps to understand the factors that determine technical inefficiency of farm households, since some of the factors can be influenced by policies.
Following this approach we first detected the presence of inefficiency in the production for sample households. Estimating the stochastic production frontier and conducting a likelihood-ratio test assuming the null hypothesis of no technical inefficiency on inputoutput data carried out the test. As reported in Table A .1, the result shows that the inefficiency component of the error term is significantly different from zero, which indicates the presence of a statistically significant inefficiency component. Besides, the value of gamma indicates that there is a 52 per cent variation in output due to technical inefficiency. In other words, the technical inefficiency component is likely to have an important effect in explaining output among farm households in the sample.
14 Unlike the deterministic approach, it is a model that incorporates household-specific random shocks that represents statistical noises due to factors beyond the control of households, measurement errors and omission of relevant variables (Coelli et al., 2005; Kumbhakar and Lovell, 2000) . In other words, in stochastic production frontier the error term is composed of the symmetric error component and the technical inefficiency component that measures shortfall of output from its maximum frontier or possible output. Hence, in this approach technical efficiency is measured as the ratio of observed output to maximum attainable output in a context characterized by household specific random shocks (i.e., exp{V j }):
.exp{V j } Where, TE j refers to the technical efficiency of the j th producer, Y j is the observed output, f (X j , β) indicates the deterministic part that is common to all producers or households, exp{V j }is a producers specific part that captures the effect of random noises or shocks on each producer. See Aigner et al. (1977) , Coelli et al. (2005) , Jondrow et al. (1982) , Kumbhakar and Lovell (2000) , and Meeusen and Ven den Broeck (1977) for detailed methodological discussions.
Once we detected the presence of technical inefficiency, we estimate a one-stage simultaneous maximum likelihood estimate for the parameters of the Cobb-Douglas 15 stochastic frontier production function to predict households' technical efficiency scores and to understand determinants of inefficiency. As expected, all conventional inputs (land, labor, fertilizer, seed and number of oxen owned) are found to be significant determinates of household production (see Table A2 ). The inefficiency model suggests that inefficiency of farm households is significantly linked with number of plots, diversification of crops, gender of household head and membership in agricultural cooperatives 16 . The results are in line with the findings of Alemu et al. (2009 ), Idiong (2007 , and Jaime and Salazar (2011) .
Fig. 2 -Frequency distribution of technical efficiency scores by cooperative membership 17
Note: TE refers to Technical Efficiency score of households.
Source: Authors' calculations, based on data from Ethiopia Agricultural Marketing Household Survey, 2008.
With regard to membership in agricultural cooperatives, the result indicates that membership reduces technical inefficiency by about 5 per cent (see Table A2 ). Concurrently, from the descriptive statistics we understood that the mean technical efficiency of members is significantly higher than that of non-members and the majority of the members are above the mean efficiency (i.e., 67.91 per cent) of the pooled sample ( Figure. 2). Besides, as is clear from Figure. 2, the density of nonmembers is above that of the members on the distribution below the mean efficiency of the whole sample. However, we cannot draw any conclusion at this stage as this difference can be partially or totally due to original differences among households. Thus, we use matching that computes the average difference in technical efficiency scores between members and non-members in the common support region using the techniques described above and Ordinary Least Squares (OLS) estimation by including a number of household and village level variables as a robustness check.
Results and discussion

Average impact of agricultural cooperatives on technical efficiency
As described in the above sections, the average impact of cooperative membership on the technical efficiency of small farmers is analyzed using the reduced sample (i.e., sub-sample 1) that includes members and non-members from kebeles with agricultural cooperatives and the whole sample that aimed at accounting for possible spillover effects (i.e., sample 2). The resulting non-parametric estimate of the Average Treatment Effect on the Treated (ATT), average impact of membership in agricultural cooperatives on the technical efficiency of smallholder farmers, based on the Propensity Score Matching (PSM) methods, is reported in Table 6 . The paper mainly used the analysis based on the reduced sample as it accounts for differences in technology and agro-ecology that can affect efficiency estimation. On the other hand, the impact estimate based on the whole sample aimed at examining the extent of spillover effects. As is clear from Table 6 , the diffusion effect is found to be negligible. Meaning, the impact estimate based on the whole sample is lower 18 than the impact estimate based on the reduced sample where the possibility of diffusion effects exists.
Consistent with the results from the descriptive statistics and the inefficiency model of the stochastic frontier function, we found that, on average, farmers belonging to agricultural cooperatives are more efficient than independent farmers. The results suggest that member households are in a better position to obtain maximum possible outputs from a given set of inputs used, by about 5 percentage points, in line with the expectation that agricultural cooperatives likely make productive technologies accessible and provide embedded support services (i.e., training, information and extension linkages). The impact estimates are robust across different estimation methods and samples considered. We further checked the robustness of the estimates for a specific region (i.e., Amhara Region), where the size of the sample allows for using matching techniques. The results are comparable to the results from the reduced and the whole sample (i.e., about a 5.5 per cent and 4.5 percentage points difference for kernel based and five neighbors matching, respectively).
Tab. 6 -Effect of cooperative membership on technical efficiency of smallholders
Note: Sample 1 includes members and non-members only from kebeles with agricultural cooperatives; Sample 2 includes the whole sample (i.e., members and non-members from kebeles with and without agricultural cooperatives). TE refers to households' Technical Efficiency score. Bootstrap with 100 replications is used to estimate the standard errors. *** Significant at 1% level.
Source: Authors' calculations, based on data from Ethiopia Agricultural Marketing Household Survey, 2008.
Nonetheless, the above results rely heavily on the assumption of unconfoundedness or conditional independence 19 (i.e., once the factors affecting participation are taken into account, the condition of randomization restored) and are not robust against 'hidden bias'. If there are unobserved variables which affect participation in cooperatives and technical efficiency simultaneously, unobserved heterogeneity affecting the robustness of the estimates might arise (Becker and Caliendo, 2007; Keele, 2010; Rosenbaum, 2002; Rosenbaum and Rubin, 1983) .
We assess the presence of this problem using Rosenbaum bounds sensitivity analysis when the key assumption is relaxed by a quantifiable increase in uncertainty. As reported in Table 7 , the results are found to be insensitive to a bias that would double the odds of participation (self-selection) in agricultural cooperatives but sensitive to bias that would triple the odds. The magnitude of hidden bias, which would make our finding of a positive and significant effect of membership in agricultural cooperatives on technical efficiency questionable or spurious, should be higher than Γ=2.4 and Γ=2.3 for sub-sample 1 and sub-sample 2, respectively. Hence, we deduce that the strength of the hidden bias should be sufficiently high to undermine our conclusion of positive and significant impact of membership on agricultural cooperatives on technical efficiency based on the matching analysis.
19 Unconfoundedness in our case means that participation in agricultural cooperatives does not depend on households' technical efficiency, after controlling for the variations in technical efficiency induced by differences in observable covariates. It is a strong assumption that implies that participation is based on observable characteristics and that variables simultaneously influencing participation and technical efficiency are observable. Note: Sample 1 includes members and non-members only from kebeles with agricultural cooperatives; Sample 2 includes the whole sample (i.e., members and non-members from kebeles with and without agricultural cooperatives). TE refers to households' technical efficiency score. The sensitivity analysis is for one-sided significance levels. Γ measures the degree of departure from random assignment of treatment or a study free of bias (i.e., Γ=1). Marketing Household Survey, 2008. Besides the average treatment effect on the treated (ATT), we estimated the impact based on a regression method using Ordinary Least Square (OLS) estimation controlling for household and kebele level characteristics expected to influence both participation in agricultural cooperatives and household level of technical efficiency to check for consistency. We employ a flexible specification that controls for agricultural inputs used, soil quality, household size, household head literacy, distance to the nearest local market, access to irrigation, off-farm income and kebele level variables like population density and availability of a farmer training center, allowing for a full set of interaction between cooperative membership and household covariates.
Source: Authors' calculations, based on data from Ethiopia Agricultural
As reported in Table 8 , we obtained consistent results with that of the non-parametric estimates. Further supporting the results of the ATT, membership in agricultural cooperatives has a significant positive impact on technical efficiency of households, by about 4 to 6 percentage points. From the interaction terms we also understand that technical efficiency gains from membership in a cooperative is significantly affected by household size and access to irrigation. The impact of cooperative membership on households' technical efficiency increases with the number of family members and decreases with access to irrigation. On the other hand, we found that technical efficiency gains due to membership are not significantly affected by household head literacy, distance to market and off-farm income.
Tab. 8 -Cooperative membership and technical efficiency (OLS)
Other variables accounted for in the regression are also significant determinants of technical efficiency with expected signs. While household size, household head literacy and access to irrigation significantly increase households' level of technical efficiency; distance to market and obtaining off-farm income by households adversely affect efficiency. Although they positively affect efficiency, the economic significance of input variables (i.e., fertilizer use, use of improved seed and numbers of oxen owned) is found to be much lower. Among village level characteristics, households living in a kebele with a farmer-training center are found to be more efficient by about 4 percentage points.
In all, although the magnitude or economic significance is not as high as expected, the results obtained suggest participation in agricultural cooperatives resulted in technical efficiency gains among smallholder farmers. We consider that this efficiency difference can be due to greater benefit of agricultural cooperatives in farm technology/inputs adoption by lowering costs and improving members' access to productive inputs and services (Abebaw and Haile, 2013; Getnet and Tsegaye, 2012) . As presented in Table  A5 , we also found considerable impact of cooperatives membership in use of farm inputs (i.e., fertilizer and improved seeds). Moreover, benefits of cooperatives in linking smallholders to extension services can be also the sources of this efficiency gaps between members and non-members, as recent study by Rodrigo (2012) found a positive effect of agricultural cooperatives in increasing farmers involvement in agricultural extension programs in Ethiopia that results in productivity growth among members.
Impact heterogeneity
The above results obtained from the matching estimates assume a homogenous treatment effects among cooperative member households. However, treatment impacts can vary within cooperative members, as households are distinct in their socio-economic realities. In order to understand potential impact heterogeneity within members, we graph the distribution of cooperatives' impact on members level of technical efficiency (i.e., the difference between actual observed technical efficiency and corresponding matched values obtained from the estimation of ATT) based on the results from Kernel matching estimates.
While the impacts are normally distributed, we observe some variations of membership impact on technical efficiency within members across the two samples ( Figure. A1 ). For large proportion of members, involvement in cooperatives results in about 5-15 per cent efficiency gains as compared to non-members. For the remaining few member households we notice both efficiency gains and losses ranging from 20-40 per cent as compared to their counterparts. We further regress technical efficiency gains due to membership in cooperatives obtained from kernel matching estimates by household characteristics, with the purpose of understanding the determinates or correlates of observed impact variations within members.
The results from the regression suggests that the impact of membership in cooperatives on technical efficiency significantly increases with cultivated land size, application of improved seeds and access to irrigation and farmer training center and decreases with distance to market, off-farm income and sex of household head (Table  A6) . It implies that technical efficiency gains from cooperative membership is better responsive for member households with large and irrigated land holding and resides in villages with farmer training centers. The lower impact of cooperatives membership for members away from local market on the other hand can be due to higher costs of accessing the services provided by the cooperatives, as most of the cooperatives in Ethiopia are located closer to nearest markets. Conversely the results indicate that household head literacy, access to media, as measured by radio ownership and application of fertilizer does not explain variations in efficiency gains within members.
Conclusions
Over the past decade and a half, agricultural cooperatives in Ethiopia have strongly promoted as instrument to transform subsistence agriculture by preserving market options and increasing farmers' income, as they are believed to be efficient in internalizing transaction costs, reducing the variability of farmers' income through risk pooling and countervailing opportunistic behaviors (Hogeland, 2006; Staatz, 1987) . Though many variations in the agricultural cooperatives model can be distinguished, typical agricultural cooperatives in Ethiopia combine both agricultural supply and marketing activities. Currently, agricultural cooperatives market more than 10 percent of farmers' produce and supply farm inputs for all farm households irrespective of membership. Although their share in input and output marketing shows how vibrant the cooperatives are in supporting agricultural transformation, empirical studies on their efficiency and productivity impacts are very limited.
Using household data drawn from the Ethiopia Agricultural Marketing Household Survey in 2008, this paper aims to understand the impact of membership in agricultural cooperatives on technical efficiency in a context where membership incentives can result in efficiency gains. We assume that the establishment of cooperatives in Ethiopia has been independent of community and household level characteristics due to negative experiences in the past and current policies on cooperative formation (i.e., one cooperative for each kebele). Moreover, we assume that difference in technology between members and non-members is insignificant, as agricultural cooperatives in Ethiopia are required to supply basic farm inputs for all farm households. In addition, the role of spillover effects cannot be underestimated. With these assumptions, we used Propensity Score Matching techniques to compare the average technical efficiency difference between cooperative member households and independent farm households living within the same kebele in which agricultural cooperatives operate.
Our results consistently indicate a positive and significant impact of agricultural cooperatives on members' levels of technical efficiency. On average members are better situated to get maximum possible output from a given set of inputs used, by at least five percent. These results are in line with the predicted role of agricultural cooperatives in improving efficiency by providing easy access to productive inputs and embedded support services such as training, information, and extension on input application. The robustness of the findings is demonstrated by similar results obtained from different approaches and techniques. However, as compared to the results of the descriptive statistics, the impact based on the average treatment effect is lower, which indicates the existence of variation or heterogeneity across households within members.
In general, the efficiency gains from membership in agricultural cooperatives emerged from the analysis has important policy implications. It suggests that besides their progressive role in input and output marketing, agricultural cooperatives in Ethiopia are effective in providing embedded supportive services, significantly contributing to members' technical efficiency. Therefore, promoting agricultural cooperatives as complementary institutions to public extensions services should further enhance smallholders' technical efficiency. Venkatesan, V. and J. Kampen (1998) Note: *** Significant at 1% level, ** significant at 5% level and * significant at 10% level. Note: *** Significant at 1% level, ** significant at 5% level and * significant at 10% level. 
